


Climate Variability and Agricultural Adaptations in Northern Côte d'Ivoire: Restructuring Crop Calendars in the Korhogo Department (North of Côte d’Ivoire)


ABSTRACT
Background: Seasonal rainfall variability affects crop timing in the Korhogo department of northern Côte d’Ivoire, where agriculture depends substantially on rainfall. Objective: This study examined hydroclimatic variability during 1982–2022 and developed revised agricultural calendars for rice, maize, cotton and cashew. Methods: Daily rainfall and temperature records from the Korhogo Airport station were examined alongside agronomic technical sheets. Annual variability was assessed with the Nicholson precipitation index and a second-order Hanning filter. Rainfall breakpoints were evaluated using Pettitt’s test and Hubert’s segmentation, while rainfall and dry-spell criteria were applied to identify seasonal onset and cessation. Crop operations were subsequently aligned with the identified seasonal pattern and crop-specific requirements. Results: The analyses identified a major rainfall regime breakpoint in 2000 and a shift in the onset of the rainy season from April to May. Decadal mean rainfall declined to 1,179.4 mm during 2002–2011 before recovering to 1,505.595 mm during 2012–2021. The revised schedules placed upland rice sowing between May and mid-June, lowland rice between 15 June and 15 August, maize between 15 June and 15 July, and cotton between 20 May and 30 June. Cashew transplanting was scheduled for July–September. Conclusion: The proposed calendars reflect the observed rainfall timing and may inform crop scheduling in Korhogo. Their suitability under farm conditions remains to be evaluated. 
Keywords: Crop calendars, Climate variability, Rainfall disruption, Crop production systems, Korhogo Department.

1. INTRODUCTION
Climate change and variability have become a central concern for scientists and policy-makers worldwide due to their immediate and long-term consequences on both the environment and human societies (Kpan, 2017; Intergovernmental Panel on Climate Change [IPCC], 2023). In West Africa, and particularly in Côte d'Ivoire, these dynamics are reflected in substantial changes in climatic and hydroclimatic conditions (Kouassi et al., 2008; Savané et al., 2001; Yapi, 2021). The manifestations of this crisis typically include a decline in rainfall amounts, an increase in average temperatures, and a profound disruption of rainfall seasonality. The reduction of wet seasons and the erratic occurrence of extreme weather events disrupt the socio-economic balance of populations whose development depends closely on water resources (Food and Agriculture Organization of the United Nations [FAO], 2017; Goula et al., 2007; Kpan, 2017).
A study in the Bagoué region of northern Côte d’Ivoire also documented changes in rainfall and temperature, providing additional regional context for examining local hydroclimatic variability (Diabate & Dibi-Anoh, 2024). At the Kolda station in Senegal, an analysis using complementary change-point methods identified shifts in the rainfall regime, illustrating the relevance of station-level investigations of rainfall variability (Traore et al., 2026).
In Côte d’Ivoire, climate variability is currently considered one of the most serious threats to sustainable development (Adja, 2009; Sultan & Gaetani, 2016). Agriculture, a macroeconomic and subsistence pillar of the country, stands out as the sector particularly vulnerable to these changes (World Bank Group, 2023). In the Korhogo department, located in northern Côte d'Ivoire, this vulnerability is exacerbated by the fact that 75% of agricultural activity remains strictly dependent on rainfall. The rainfall delays and deficits recorded in recent decades lead to critical direct consequences, notably frequent sowing failures, declining crop yields and substantial harvest losses, exposing local populations to poverty and food insecurity (Kouakou, 2011; Soro et al., 2013).
Using rainfall observations and crop simulations in Senegal, Joseph et al. (2023) examined the implications of different definitions of rainy-season onset for maize sowing dates. Agoungbome et al. (2024) assessed alternative sowing strategies for rainfed agriculture in West Africa, with particular attention to the risks associated with variability at the beginning of the rainy season. Jayasankar and Misra (2025) analysed variations in rainy-season onset across West Africa and their relationship with rainy-season duration and rainfall, highlighting the potential relevance of monitoring onset dates for seasonal planning.
Given the need to minimise these agricultural losses and support the resilience of farmers against a disrupted seasonality, it is imperative to adjust cultivation practices. Adapting crop calendars is an important strategy for optimising agricultural practices according to the new hydroclimatic realities of the region. The present study was undertaken in this context.
Although these studies provide evidence on rainfall variability and the timing of agricultural operations, they do not directly establish crop-specific cultivation calendars for the Korhogo department. In this context, an assessment combining the local hydroclimatic record with the cultivation requirements of rice, maize, cotton, and cashew is needed to inform the timing of land preparation, sowing, and harvesting.
The main objective of this work is to design agricultural calendars adapted to the new climate profile of the area to help farmers secure their production cycles. Specifically, the aims are, first, to characterise the trajectory of climate variability in the Korhogo department during 1982–2022 and, second, to determine optimal periods for land clearing, ploughing, sowing, and harvesting for four strategic crops: cotton, maize, rice, and cashew.
2. MATERIALS AND METHODS
2.1. Geographical Setting, Data and Equipment
Located in northern Côte d’Ivoire, the town of Korhogo is situated approximately 564 km from Abidjan (the economic capital) and 320 km from Yamoussoukro (the political capital). It serves as the administrative centre for both the Poro Region and the Savanes District. The Korhogo department encompasses an area of 12,640.4 km² with an estimated population of 440,926 inhabitants (Institut National de la Statistique, 2022). It shares administrative boundaries with the departments of M’Bengue to the north, Sinematiali and Ferkessédougou to the east, Dikodougou and Niakaramadougou to the south, and Boundiali and Dianra to the west. 
The regional vegetation consists primarily of shrub savanna interspersed with small, dense forest patches locally referred to as “sacred groves”. Korhogo experiences a Sudano-Guinean climate characterised by two distinct seasons (Soro et al., 2013). Topographically, the region is a vast, rolling plateau with elevations ranging from 300 to 400 metres above sea level (Fig. 1). The local hydrographic network is dominated by the Bandama River and its main tributaries, including the Lofigou and Solomougou rivers.
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Fig. 1. Map of the study area
The study draws on two complementary types of data:
- Climate data: Time series of daily rainfall and temperatures covering 1982–2022, provided by Société d’Exploitation et de Développement Aéroportuaire, Aéronautique et Météorologique (SODEXAM) from the agro-meteorological station at Korhogo-Airport.
- Agronomic data: Technical sheets published by the Centre National de Recherche Agronomique (CNRA), specifying crop evapotranspiration, agro-climatic cycles, and the requirements of varieties recommended in the region.
Data processing and analysis were performed using Excel (arithmetic calculations and charting), Khronostat 1.00 statistical software (developed by the IRD for detecting changes and breakpoints), and ArcGIS 10.1 for cartographic representations.
2.2. Methodology
2.2.1. Characterization of Climate Variability
The Nicholson precipitation index (Nicholson, 1993) was used to identify annual rainfall deficits or surpluses. It is calculated using the following formula:
[image: ]
Where Ii represents the index of year i, Xi the rainfall of year i, X_mean the mean of the time series, and sigma its standard deviation.
The second-order Hanning low-pass filter was applied to smooth the chronological series, reduce high-frequency seasonal variations, and highlight long-term climate trends using centred weighted moving averages.
To detect climatic breakpoints, the non-parametric Pettitt test was used to identify the main breakpoint (the date of the most significant change) within the time series at a 5% significance level. Hubert’s segmentation method was also used to detect possible additional breakpoints by dividing the series into segments with significantly distinct means.
2.2.2. Establishment of Adapted Crop Calendars
· Determination of Season Onset and End Dates (Sivakumar (1988) criteria):
The onset of the rainy season corresponds to the date when a minimum cumulative rainfall of 20 mm occurs over three consecutive days, without any dry spell exceeding seven days occurring within the following 30 days. The end of the rainy season is defined as the first day of a period of at least 20 consecutive days without any rainfall greater than or equal to 5 mm.
· Design of Adapted Calendars
The specific physiological requirements of the four crops (overall water requirements, critical temperatures, sunshine duration) were compared with the newly established seasonality to chronologically reposition land clearing, ploughing, sowing, and harvesting operations (Djaha et al., 2008; Ezan et al., 1998; Kockmann, 2009; Koffi, 2005). 

3. RESULTS AND DISCUSSION
3.1. Climate Diagnosis Results and Rainfall Disruption
The thermal and hydroclimatic analysis indicates substantial changes of the Sudanese climate in the Korhogo department during 1982–2022.
3.1.1. Decadal Evolution and Nicholson Precipitation Indices
The evaluation of decadal rainfall averages reveals a bell-shaped trajectory characterised by a marked dry phase followed by a subsequent recovery in rainfall (Fig. 2):
- The 1982-1991 decade was the wettest with an average of 1595.54 mm.
- A decline occurred during the 1992-2001 decade (1405.94 mm).
- The 2002-2011 decade recorded the lowest mean rainfall with a minimum of 1179.4 mm.
- Finally, the 2012-2021 decade showed a rainfall recovery, reaching 1505.595 mm.


[bookmark: _Toc197367442][bookmark: _Toc204448655]Fig. 2. Trends in the ten-year average rainfall

The application of Hanning’s second-order low-pass filter and Nicholson indices enabled the segmentation of the time series into five climatic periods (Fig. 3):
- Three wet periods: 1982-1990 (mean of 1611.05 mm, a surplus of +188.03 mm relative to the interannual mean of 1423.02 mm), 1997-2000 (+206.63 mm), and 2015-2022 (+123.90 mm).
- Two dry periods: 1991-1996 (deficit of -119.9 mm) and the prolonged dry period of 2001-2014, which records the largest deficit in the series at -199.46 mm.
Frequency analysis shows that the proportion of dry years at the Korhogo-Airport station was 51.21%, compared with 48.78% of wet years.
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[bookmark: _Toc197367443][bookmark: _Toc204448656]Fig. 3. Variation in the Nicholson rainfall index in the Korhogo department from (1982 to 2022)
3.1.2. Statistical Detection of Rainfall Ruptures
The non-parametric Pettitt test detected a major rainfall rupture in 2000 with a significance level greater than 99% (Fig. 4). This rupture separates the time series into two distinct climatic regimes: 
1. Pre-breakpoint period (1982-2000): Mean annual precipitation was 1430.47 mm, including the maximum recorded in the series (2143.81 mm recorded in 1988).
[image: ]2. Post-rupture period (2001-2022): Average rainfall dropped to 1341.14 mm, recording the absolute historical minimum of the time series (1015.74 mm in 2007).










[bookmark: _Toc197367444][bookmark: _Toc204448657]Figure 4: Variation in Pettitt’s U-values test at the Korhogo Airport rain gauge station  

Hubert's segmentation method corroborates the main rupture in 2000 and identifies two secondary ruptures in 2008 and 2022 (Table 1), indicating the temporal variability of rainfall.
[bookmark: _Toc180671904][bookmark: _Toc204765515]Table 1: Hubert's segmentation method (Significance level of the Scheffé test at 1%)
	Start
	End
	Average
	Standard deviation

	1982
2001
2009
	2000
2008
2022
	1517,832
1104,937
1476,121
	281,994
68,247
164,927



3.1.3. Temporal Shift of the Rainy Season
The direct agronomic consequence of this rupture is reflected in changes in seasonality. Before 2000, the rainy season typically began in April, with a monthly average above the reported threshold of the series (126.89 mm).
After 2000, April rainfall declined and fell below the new reference monthly average (112.09 mm). The onset of the rainy season therefore shifted from April to May, restricting the growing season from May to October and necessitating a revision of sowing periods.
3.2. Restructuring of Crop Calendars by Crop
To counter sowing losses and the collapse of yields caused by this seasonal shortening, new crop calendars, modelled on post-rupture water availability, have been validated for four key crops.
3.2.1. Upland and Lowland Rice Cultivation
Rice requires warm conditions and high sunlight and a monthly water input of 100 mm (upland) to 200 mm (lowland).
· Proposed itinerary: Land clearing is scheduled from March to May, followed by deep ploughing (manual or mechanized) from May to July to promote root development and bury organic matter.
· Sowing and harvesting: For upland rice, sowing must be completed between May and mid-June. In lowlands, the proposed window extends from June 15 to August 15, allowing the period of greatest foliage development to coincide with the peak rainfall period of August-September (when mean rainfall reaches 243.45 mm and 227.07 mm). Harvesting begins from September onwards for short-cycle varieties.
Table 2 summarises the rice cultivation schedule.
[bookmark: _Toc180671905][bookmark: _Toc204765516]Table 2: Agricultural calendar for rice in the Korhogo department
	
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec

	Land clearing
	
	
	
	
	
	
	
	
	
	
	
	

	Hilling
	
	
	
	
	
	
	
	
	
	
	
	

	Sowing
	
	
	
	
	
	
	
	
	
	
	
	

	Weeding
	
	
	
	
	
	
	
	
	
	
	
	

	Harvest
	
	
	
	
	
	
	
	
	
	
	
	



3.2.2. Maize Cultivation
Maize requires a well-structured soil and a well-distributed total of 450 mm of water to guarantee an optimal yield of 10 t/ha.
· Proposed itinerary: Plot preparation and clearing extend from April to June, and ploughing is carried out from June to July to a depth of 15 to 30 cm.
· Sowing and harvesting: Sowing is scheduled between June 15 and July 15, after ensuring a rainfall event of at least 20 mm. Maintenance weeding is scheduled 15 to 30 days after emergence to limit weed competition. Harvesting occurs from September onwards depending on the length of the varietal cycle (Table 3).
[bookmark: _Toc180671906][bookmark: _Toc204765517]Table 3: Agricultural calendar for maize in the Korhogo department
	
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec

	Land clearing
	
	
	
	
	
	
	
	
	
	
	
	

	Hilling
	
	
	
	
	
	
	
	
	
	
	
	

	Sowing
	
	
	
	
	
	
	
	
	
	
	
	

	Weeding
	
	
	
	
	
	
	
	
	
	
	
	

	Harvest
	
	
	
	
	
	
	
	
	
	
	
	



3.2.3. Cotton Cultivation
Cotton is sensitive to waterlogging but requires at least 700 mm of water over a vegetative cycle of 150 to 170 days. It requires high temperatures (around 30°C) early in the cycle and a marked dry period towards the end of the growing cycle.
· Proposed itinerary: The revised calendar schedules land clearing in March-April and ploughing from April to June.
· Sowing and harvesting: Sowing occurs from May 20 to June 30 on moist soil with the application of pre-emergence herbicides. Maintenance is performed through successive weedings at days 20 and 60. Harvesting takes place in stages (in at least two passes) starting in November, taking advantage of the onset of the dry season and the harmattan to preserve fibre quality (Table 4).
Table 4: Agricultural calendar for cotton plant in the Korhogo department
	
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec

	Land clearing
	
	
	
	
	
	
	
	
	
	
	
	

	Hilling
	
	
	
	
	
	
	
	
	
	
	
	

	Sowing
	
	
	
	
	
	
	
	
	
	
	
	

	Weeding
	
	
	
	
	
	
	
	
	
	
	
	

	Harvest
	
	
	
	
	
	
	
	
	
	
	
	





3.2.4. Cashew Cultivation
The cashew tree, a perennial woody species is resistant to drought but requires deep and well-drained soils.
· Proposed itinerary: Land preparation takes place in the first quarter (January to March). Hole digging (50 cm in diameter by 80 cm in depth) is planned from April to June. The holes are left open for 15 days and then refilled with organic basal fertiliser 45 days before transplanting.
· Planting: Transplanting of vigorous young seedlings from the nursery is carried out during the third quarter, from July to September, when the soil has substantial soil-water reserves that favour root establishment before the November dry season (Table 5).
[bookmark: _Toc180671908][bookmark: _Toc204765519]Table 5. Agricultural calendar for cashew tree in the Korhogo department
	Years 
	1st year
	2nd year
	3rd year

	Quarters
	J-M
	A-J
	J-S
	O-D
	J-M
	A-J
	J-S
	O-D
	J-M
	A-J
	J-S
	O-D

	Land clearing
	
	
	
	
	
	
	
	
	
	
	
	

	Hilling
	
	
	
	
	
	
	
	
	
	
	
	

	Sowing
	
	
	
	
	
	
	
	
	
	
	
	

	Weeding
	
	
	
	
	
	
	
	
	
	
	
	

	Harvest
	
	
	
	
	
	
	
	
	
	
	
	



3.3. Discussion
Hydro-climatic Variability and Rainfall Decline
For several decades, the Korhogo Department has faced significant disruptions in agricultural calendars. Graphical representations and statistical methods—including Nicholson's rainfall index, Pettitt's test, and Hubert's segmentation—indicate a decline in rainfall across the region. Specifically, Nicholson's indices and the Hanning low-pass filter highlight a major climatic shift (rupture pluviométrique) around 2000 at the Korhogo-Airport meteorological station. This climatic breakpoint is characterised by a severe reduction in annual precipitation.
The decline in rainfall and seasonal shift observed at the Korhogo-Airport station are consistent with West African hydroclimatic literature. Numerous authors date the onset of the major West African rainfall deficit to around 1969–1970 (Diomandé, 2013; Kouakou, 2011; Kpan, 2017; Sultan & Gaetani, 2016; Yapi, 2021). 
These findings align with previous hydroclimatic studies conducted in northern Côte d'Ivoire. For instance, Brou et al. (2005), Adja (2009), and Soro et al. (2013) also identified a steady decline in precipitation in the northern region, tracing the onset of this rainfall deficit back to the 1960s.
Such rainfall fluctuations vary across different bioclimatic zones of the country. In the southern and eastern regions, Kpan (2017) dated this climatic shift around 1982 in the Aboisso and Adiaké region. In the East, Kouakou (2011) reported that annual rainfall decreased from 1400 mm to 1150 mm between 1970 and 1990. In the V-Baoulé and central regions, Diomandé (2013) identified a decline in rainfall in the N’Zi river basin starting in 1968. In the western and central-western regions, Savané et al. (2001) reported declining rainfall from 1967 in the far west, within a broader trend beginning in the 1961–1970 decade. Furthermore, the south-western, central and central-western regions recorded even more severe rainfall deficits during the 1960s and 1970s (Diomandé, 2013; Kpan, 2017).
In Korhogo, the later shift identified in 2000 confirms the persistence and northern extent of this climate instability (Adja, 2009). The shift of the onset of rains to May reduces farmers’ flexibility and supports reconsidering traditional April sowing because seedlings may be exposed to dry spells after emergence.
Agricultural calendars vary substantially among crops due to specific agro-climatic requirements and local sociotechnical conditions (Allen et al., 1998). In the Korhogo Department, Cotton, maize, rice and cashew play strategic roles in these production systems (Lebailly et al., 2012). This section contrasts the cropping cycles of these major commodities and compares them with broader West African agricultural contexts.
	Crop
	Sowing / Flowering Period
	Harvesting Period
	Regional Comparison & Agro-climatic Drivers

	Cotton (Gossypium hirsutum)
	May – June
	November – December
	Driven by the onset of the first rains (Ochou et al., 2006). Consistent with the cotton campaign in Bobo-Dioulasso, Burkina Faso (Ouedraogo et al., 2008; Traore, 2020).

	Maize (Zea mays)
	First cycle: April – June 
Second cycle: August – September
	First: July – August Second: November – December
	This bimodal distribution mirrors maize (Nouvelle-Calédonie, 2015; Battude, 2017) adaptation strategies in the savanna transition zones of Ghana and Benin (RONGEAD, 2014; Zougmoré et al., 2016)

	Rice (Oryza sativa)
	Upland: Mid-May – July 
Lowland: July
	Upland: October – November 
Lowland: December
	Reflects diversified cropping systems (upland, irrigated, and lowland). Aligns with cycles reported in Gagnoa and Korhogo (Diarra & Tagbo, 2020; Kouassi, 2019).

	Cashew (Anacardium occidentale)
	Flowering: November – January
	February – May
	Perennial crop. The dry season promotes optimal flowering, making it highly suitable for northern Côte d'Ivoire. Identical cycles are observed in Benin and Senegal (Djaha et al., 2008).



These cropping cycles reflect different forms of adaptation to the Sudano-Guinean climate of Korhogo. While this crop diversity represents a major agronomic asset, optimizing farming sequences remains important for mitigating the impacts of ongoing climate variability.
The calendars restructured during this study demonstrate that the synchronisation of the physiological needs of crops (water requirements of rice in August, need for dry conditions for cotton in November) with the post-2000 climate profile offers a potential adaptation strategy.. 
The findings of the present study highlight the importance of integrating long-term climatic assessments with crop-specific adaptation strategies to strengthen agricultural resilience under changing hydroclimatic conditions. The observed rainfall regime shift and delayed onset of the rainy season in the Korhogo department demonstrate how changes in rainfall distribution can influence sowing decisions, crop water availability, and the synchronisation of crop growth stages with favourable climatic conditions. Similar research perspectives are reflected in Velusamy et al. (2024), who investigated the impacts of climate change on tomato water requirements and yield across different agro-climatic zones of Tamil Nadu, emphasizing the relevance of regional climate conditions in crop-water planning. Furthermore, district-level forecast diagnostics and advisory risk profiling for maize in Telangana demonstrate the value of integrating forecast evaluation with agricultural risk characterization to support climate-smart planning (Velusamy et al., 2026a). The importance of spatially differentiated adaptation is also consistent with research on district-level climate variability, yield resilience, and risk categorization of sugarcane in semi-arid Telangana (Velusamy et al., 2026c), as well as multi-model agro-climatic hazard profiling of rice and wheat under the SSP2-4.5 scenario (Velusamy et al., 2026b). Beyond crop production, the assessment of cotton pest outbreak risks using entropy, Gini coefficients, and machine-learning approaches illustrates the broader need to consider climate-related agricultural risks through complementary analytical frameworks (Velusamy et al., 2026e). In addition, research on ENSO–monsoon teleconnections using spectral, coherence, and wavelet analyses provides a wider climatic perspective for understanding rainfall variability and its potential implications for agricultural decision-making (Velusamy et al., 2026d). Collectively, these studies support the broader relevance of combining climate diagnostics, crop-specific assessment, risk characterization, and agricultural advisory approaches. In this context, the revised crop calendars proposed for Korhogo provide a practical adaptation pathway that could be further strengthened through seasonal forecast information, local agrometeorological services, and subsequent field-based evaluation of crop establishment and productivity.
Limitations of this study
This study was carried out in the Korhogo department, which covers an area of 12,640.4 km². Because of data availability, the analysis was restricted to the Korhogo Airport station. Additional stations within the department would improve spatial coverage

4. CONCLUSION AND PERSPECTIVES
The present study characterised the trajectory of climate variability in the Korhogo department over the 41-year period (1982-2022) and examined its agronomic implications on major crops in this northern region. Combined statistical analyses (Nicholson indices, Hanning filter, Pettitt and Hubert tests) indicate local hydroclimatic changes, marked by a major rainfall breakpoint in 2000. This breakpoint was associated with a significant decline in interannual precipitation and a notable temporal shift in the onset of the rainy season, from April to May.
Faced with this shortening of the active cultural window, the adaptation of agricultural practices is an important consideration for the food and economic security of the region. The crop revised calendars developed in this study provide a proposed management approach for rice, maize, cotton, and cashew. By better aligning the critical physiological phases of plants with the observed rainfall seasonality (sowing windows centred between mid-May and mid-July depending on the crops), these calendars may help reduce the risk of sowing failure and support crop production.
For future implementation, the use of these calendars would benefit from strengthening local agro-meteorological services and disseminating these findings to local farmers' organizations. Furthermore, given continuing interannual variability, future research should include field evaluation of these revised calendars with the use of short-cycle and drought-tolerant varieties to consolidate the overall resilience of farming systems in northern Côte d'Ivoire.
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